Antibiotic-resistant bacteria complicate many infections and can be difficult to eradicate from hospitals. The population dynamics and ecology of these organisms in the hospital setting, however, is not well understood. Here, we report extensive strain-based antagonistic interactions occurring in military clinical isolates of Acinetobacter baumannii, a bacterial species that causes many drug-resistant hospital-associated infections.
215 Isolates were collected from a variety of patient specimens: wounds (n=23, 26%), blood (n=20, 216 22%), respiratory (n=17, 19%), surveillance (n=17, 19%), tissue (n=10, 11%), and urine (n=3, 217 3%) (Table 1) . Overall, the isolates in this study exhibited high levels of antibiotic resistance to 218 all drug classes tested. Susceptibility scores (susceptible, intermediate, resistant) to individual 219 drugs were condensed by class (Magiorakos et al., 2012) . Rates of resistance by drug class are 220 as follows: 99% were resistant to cephalosporins (n=89 isolates/90 tested), 97% to 221 aminoglycosides (n=87/90), 92% to fluoroquinolones (n= 83), 92% to ticarcillin-clavulanate 222 (n=56/61), 88% to trimethoprim-sulfamethoxazole (n=79/90), 87% to tetracycline (n=53/61), 223 83% to carbapenems (n=75/90) ( Table 4) . Two isolates (N0326, W0967) were resistant to only 224 one class of antibiotic, cephalosporins. Sixty-seven isolates (74%) were resistant to all classes 225 of antibiotic tested (Figure 1 ). No isolate was susceptible to all antibiotics tested.
226 No pattern of the antagonism data can be observed based on isolate specimen source (not 227 shown) or drug class resistance ( Figure 3D , 3E).
228 Discussion 229 This study is the first to describe strain-based patterns of pairwise antagonistic interactions in a 230 large set of drug-resistant clinical isolates of Acinetobacter baumannii. Antagonism has been 231 reported in clinical isolates of Acinetobacter previously on a small scale without genetic 232 differentiation of isolates (Andrews, 1986) . In the present study, we found antagonistic activity 233 to be widespread among the isolates screened and most consistent between two closely related 234 groups of isolates. Isolates from genetic clusters with high sensitivity to antagonism were 235 generally isolated prior to July 2010, and antagonistic isolates were typically isolated after that 236 time.
237 The goal of this study was to investigate the population dynamics and bacterial interactions of a 238 species associated with hospital acquired infection, A. baumannii, in order to understand more 239 about the ecology of pathogens in nosocomial environments. A. baumannii belongs to the 240 gammaproteobacteria class, which contains many of the most common Gram-negative 241 nosocomial pathogens, including Pseudomonas aeruginosa, Klebsiella 249 Hospitals house a remarkable diversity of bacteria, especially considering the frequency of 250 sterilization and disinfection of the hospital environment (Lax & Gilbert, 2015) . If sterilization of 251 surfaces and eradication of microbes from the hospital is not a reasonable goal, it becomes 252 increasingly important to understand the ecology of drug-resistant pathogens that benefit from 253 the current paradigm of disinfection, and to identify new strategies for mitigating the spread of 254 infection. 276 The extent of antagonistic activity associated with the clinical isolates in this study emphasized 277 that, to microbes, the hospital environment is similar to a natural environment and fosters similar 278 microbial interactions. Studies of antagonistic interactions and population structure in bacteria 279 from natural environments provide context and contrast with the results of this study. The short 280 genetic distance between the antagonistic A2 isolates and sensitive A1 isolates is surprising, 281 considering other publications that find that bacterial populations (i.e. operational taxonomic 282 units, OTUs) can be defined as clusters of individuals with 70-99% sequence similarity, rather 283 than being purely clonal organisms (Acinas et al. . The methods used in this study detected a 285 genetic difference of <0.001% between A1 and A2 groups, which would seem to be too little 286 distance to describe separate populations, although the strong antagonistic interactions 287 between the groups indicate that the two groups are indeed separate populations. The 288 genotyping method used in this study is designed to allow for minimal sequencing effort to 289 identify core genome relationships. Thus, the genetic distance estimated excludes the more 290 divergent accessory genome; the phylogenetic distance reported here is likely an underestimate 291 of the whole genome sequence distance of individual isolates.
292 If each clade identified in this study then represents sufficient genetic distance to constitute a 293 population, the consistency of phenotype displayed by A2 isolates is surprising, as is the 294 frequency. In cooperating natural populations, it is typical for some individuals to produce an 295 antibiotic as a public good while other members of the population retain resistance to the 296 antibiotic but do not expend energy producing it (Allen, Gore, & Nowak, 2013; Cordero et al., 297 2012). However, all A2 isolates appear to produce whatever effector is responsible for the 298 antagonism trait.
299 Environmental microbiology has frequently shown that the expression of antagonism varies with 300 the microbial diversity of the testing paradigm as well as the richness of the substrate used 301 during testing (Abrudan et al., 2015; Rivett et al., 2016). The screening paradigm used here is 302 similar to the "social growth" condition used in the Abrudan et al study, because multiple isolates 303 were tested for production of antagonism on the same lawn of test indicator isolate, at less than 304 1 cm distance (Abrudan et al., 2015) . According to the cited study, social interactions of isolates 305 in a nutrient-rich environment can suppress antagonism. It is possible that the high observed 306 incidence of antagonism could be even higher in situ, on more nutrient-poor hospital surfaces 307 and in patient infections.
308 The results of this study found compelling evidence that there was a mass turnover of strains in 309 the US military hospital system around July 2010. The fact that it was the antagonists that 310 overtook their sensitive cousins in group A1 begs the interpretation that antagonism was part of 311 the mechanism enabling the epidemiological transition. This interpretation is further supported 312 by the appearance of a lone isolate (W0051) belonging to A2 in May 2010. Additionally 313 interesting, a phenotypic outlier of clade B (W4052) possesses a nearly identical antagonism 314 phenotype to that of A2 isolates. The connections between these disparate yet compelling lines 315 of evidence could be determined with genomic comparison and further in vitro testing.
316 This study did not investigate the mechanism of antagonism, but direct interbacterial toxin-317 mediated inhibition typically occurs via one of two mechanisms: two-partner contact dependent 318 inhibition (CDI) or type V secretion systems (T6SS). Both systems require direct contact 319 between the antagonist and target cell and effectors are delivered to the cytosol of the target 320 cell. However, CDI requires binding with a receptor on the outer membrane of the target cell, 321 while T6SS includes a mechanism for penetrating the target cell's outer membrane to deliver 322 effectors ( 329 In spite of the evidence that both CDI and T6SS play a role in A. baumannii cell-cell interaction, 330 the antagonism reported in our study is probably not due to a contact-dependent system. Firstly, 331 the zone of inhibition around antagonistic isolates implies that the effector is secreted into the 332 environment, not delivered directly into the cytosol of the target cell. Secondly, preliminary 333 experiments have indicated that the antagonism effector is present in agar where antagonistic 334 strains are grown in the absence of a target strain, evidenced by chloroform killing of the 335 antagonist grown alone and subsequent inhibition of the target after cross-streaking (data not 336 shown). Future experiments should include comparative genomics and proteomics of producer 337 (A2, W4052) and sensitive (A1) isolates, as well as new in vitro experiments to rule out the 338 contribution of contact-dependence to the phenotype.
339 Investigating the interactions of natural populations of bacteria, including those in the hospital 340 and other built environments, provides valuable information about the way those populations 341 function. Only by understanding the whole can we identify elements that can be changed or 342 manipulated to achieve desired outcomes. This type of manipulation of microbial systems is 343 advancing in the area of biofuel production and agricultural science, but has not yet been 344 attempted by the medical research community. In addition to its utility in tracking strain 345 dynamics, antagonism may hold potential as a component of a system that uses ecological 346 mechanics to perform infection control. However, this will only be possible by further 347 investigation and understanding of the interactions of pathogenic organisms in the environments 348 they inhabit. 
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